Background Honey bee (Apis mellifera) is a very important species for human beings, animals, environmental biodiversity, crop production and economic sustainability in Europe and worldwide. This study investigates whether future veterinarians are trained to deal with the particular needs of the only traditional foodproducing insect in Europe. Methods This study analyses data collected from 77 European veterinary education establishments in EU and the European Free Trade Area.
AbstrAct
Background Honey bee (Apis mellifera) is a very important species for human beings, animals, environmental biodiversity, crop production and economic sustainability in Europe and worldwide. This study investigates whether future veterinarians are trained to deal with the particular needs of the only traditional foodproducing insect in Europe. Methods This study analyses data collected from 77 European veterinary education establishments in EU and the European Free Trade Area.
Results The results show that 75 per cent of those establishments (58 out of 77) teach honeybee veterinary medicine. There is a clear geographical differentiation. In north-western countries only about half of the establishments include honeybee health, production and product inspection in their undergraduate curricula, while in eastern, central and southern countries, which are also important beekeeping countries, the great majority of the establishments incorporate honeybee veterinary medicine in their undergraduate curriculum. Eighty-six per cent of all the establishments teaching honeybee veterinary medicine (50 of the 58) incorporate it in their core curriculum either as separate subject or as part of other subjects. Twentyfive per cent of all the establishments (19 out of 77) organise postgraduate training courses in this field. Conclusions Veterinarians have an important role in ensuring the health, sustainability and productivity of managed honeybee colonies as they do for other animal species. It seems however that teaching of honeybee veterinary medicine receives less attention in undergraduate veterinary curricula in EU compared with other fields of veterinary medicine. Seeing the increasing importance of honey bees for crop protection, environmental protection and economic sustainability, it would be beneficial to further strengthen the education of honeybee veterinary medicine in the future. Establishments should encourage and prepare veterinarians for practising science-based veterinary medicine in honey bees by incorporating such teaching in undergraduate curricula and by providing postgraduate opportunities to qualified veterinarians wishing to enhance their basic skills in this field.
IntRoduCtIon
Honey bee (Apis mellifera) is an ecologically and economically very important species contributing directly to human nutrition and health as well as to global economic sustainability. The different honeybee products, namely honey, propolis, pollen, beeswax, venom and royal jelly, serve both as valuable nutritional sources for human beings as well as essential raw materials for many industrial sectors, such as food and beverages, agriculture, medicines, cosmetics, paints, chemicals and more. 1 2 Honeybee colonies are further essential for agriculture and environment, ensuring plant reproduction and biodiversity by pollination, while beekeeping is an important sector that contributes to the development of rural areas. 3 4 European apiculture is one of the most dynamic agricultural sectors in the EU. Beekeeping is practised in all EU countries. Southern and central-east countries, where climatic conditions are more favourable, are the major beekeeping countries in EU and European Free Trade Area (EFTA). Even though EU is the world's second most important honey producer after China, domestic production only covers around 60 per cent of consumption. Therefore, EU is at the same time an important importer of honey from third countries, such as China, Ukraine and countries of Latin America. [5] [6] [7] Outlooks for apiculture in the future should have been very optimistic, if the sector had not had to face important challenges as a consequence of high bee mortality due to a number of detrimental factors. Extended use of pesticides, biological factors or climate change are considered as potential causes of the colony losses. 8 9 This has been well acknowledged by EU policy makers, [10] [11] [12] [13] who have called for a number of supporting initiatives during the last decade, including the education of veterinarians, for the protection of managed honeybee colonies and wild bee populations and of the European apiculture in the Union. Veterinarians have an important role to play in ensuring the health, sustainability and productivity of managed honeybee colonies as they do for other animal species. Implementing good veterinary, beekeeping and environmental practices can guarantee the safety of apiculture food products as well as environmental biodiversity. 14 The aims of this research were to gain a better understanding of the undergraduate veterinary curricula offered in the EU and Free Trade Area, 15 and to investigate whether future veterinarians are trained to deal with the particular needs of this sector.
Veterinary curricula in Europe constantly adapt to follow the developments in science, to comply with the applicable legislation, and to meet the societal demands and the needs of the job market. This applies to the whole range of diversity of the veterinary medicine, including the teaching of bee health and production. The present investigation looked into whether this subject is part of the curricula in the European veterinary education establishments (VEEs); whether it is part of the core curriculum or it is offered to undergraduates as elective; how much of the teaching workload is dedicated to this topic; and so on. In addition, the authors analysed information on postgraduate courses and programmes offered in this species by the VEEs.
MateRIals and Methods
The European Association of Establishments for Veterinary Education (EAEVE), 16 in collaboration with the Federation of Veterinarians of Europe (FVE), 17 developed and launched a quantitative online survey to collect data in less popular areas of the veterinary medicine taught in European VEEs. The survey specifically looked into the teaching of laboratory animal medicine, 18 aquatic animal medicine 19 and honeybee medicine, as part of the veterinary curricula in the different European VEEs. In this report, the authors only present the findings of the survey related to bee health.
The survey was addressed to the deans of all 96 European VEEs in 34 countries which are members of the EAEVE. 16 It was launched at the end of 2013 through SurveyMonkey. A total of 88 VEEs completed and returned the survey by the beginning of 2014. The results of the survey were crosschecked one by one with the VEEs at the end of 2016.
For the analysis the authors focused only on the VEEs located in EU and the EFTA, as this region is subject to a common legislative framework. Seventy-seven VEEs are in total established in a country of this region. Of the 77 VEEs, data were collected from 66 of them through the survey. Quantitative data collection was supplemented by secondary data from the self-evaluation reports 20 of the 11 VEEs that had not returned the survey. These selfevaluation reports were prepared by the VEEs for their evaluation by the European System of Evaluation of Veterinary Training (ESEVT), 21 and are publicly available documents containing information on the curriculum, continuing education and postgraduate education offered by the VEE to be evaluated.
ESEVT has been developed by EAEVE in collaboration with the FVE, 17 and run for over 33 years. In 2018, ESEVT was successfully accredited by the European Association for Quality Assurance in Higher Education (ENQA), 22 getting international recognition. Sixty-eight of the 77 VEEs considered in this analysis were evaluated by ESEVT and hold the status of 'Accredited'/'Approved' (decision of May 2017). 23 Data were quantitatively analysed using Microsoft Excel, and descriptive research was performed for the comparative analysis of certain results, such as subjects and time of teaching. 24 The results of the analysis of overall data from these 77 VEEs are shown in the Results section.
Results level and type of training in honeybee veterinary medicine in undergraduate veterinary curricula in the eu and eFta Fifty-eight of the 77 VEEs include teaching of honeybee veterinary medicine in their curriculum. It can be obligatory (hours in the core curriculum that all students need to complete), elective (courses offered to students as an option), or partly obligatory and partly elective. Results show that 33 of the 58 VEEs include honeybee veterinary medicine in the core curriculum, 17 VEEs provide it partly obligatory-partly elective, and eight of them offer it as an option to follow if interested (elective) (figure 1).
Twenty-five of those 58 VEEs have a separate subject and 33 VEEs incorporate it as part of other subjects.
When honeybee veterinary medicine is part of other subjects in the curricula, it is included in subjects such as the following: ► Microbiology/parasitology/infectious and parasitic diseases. ► Zootechnics/animal production systems. ► Toxicology. ► Propaedeutics/clinical diseases. ► Diseases of miscellaneous animals. ► Food technology/food hygiene.
As a separate subject, bee health and apiculture are referred as the following: ► Apiculture and diseases of bees. ► Biology and pathology of beneficial insects/bees and silkworms. ► Disease of fish and bees. ► Zoology and biological or chemical threats on swarms.
There is rather a variation with regard to the time of the veterinary studies that honeybee veterinary medicine is taught throughout the European veterinary curricula, with the main part of it taught in the middle of the studies, that is, third to fourth year of the curriculum.
Focusing on the 68 VEEs that hold the status of 'Accredited'/'Approved' by the ESEVT, 21 24 offer training on bee health as a separate subject, 29 as part of other subjects In terms of geographical distribution, the authors observe that honeybee veterinary medicine is part of the veterinary curricula in at least one VEE in each country of southern, central and eastern Europe, while there are four countries in north-western Europe where none of their VEEs includes teaching of honeybee veterinary medicine in their curricula (figure 3).
hours of training dedicated to teaching honeybee veterinary medicine in Vees in the eu and eFta Data from 48 VEEs that replied to this question show that 22 of them provide up to 10 hours of teaching of honeybee veterinary medicine to all students, while 23 of them dedicate between 12 and 35 hours for the same subject in their core curriculum (table 1) .
Twenty-five of the VEEs which give the possibility to their interested students to follow elective courses in bee health and apiculture (17 of the VEEs provide electives on top of their obligatory training and eight exclusively as elective) dedicate on average between 25 and 56 hours. Table 2 gives an overview of the replies that were received. The level of postgraduate education varies from short courses for continuous professional development (CPD) of veterinary practitioners, PhD programmes and up to specialisation national programmes.
Further analysis of the overall results shows that 18 out of 58 VEEs that provide undergraduate training in honeybee veterinary medicine also provide postgraduate opportunities for veterinarians in this field. Ten out of the 18 VEEs that do not provide such training in the undergraduate curriculum also replied to this question; however, only one of them includes training in bee health and production as part of two master programmes.
The 19 VEEs that provide this kind of postgraduate training are based in 13 countries of the EU and EFTA in the central-south region of Europe (figure 3). professionals in any field, it still falls under the subsidiarity principle. 26 27 Each Member State assumes full responsibility for the organisation of its education and vocational training systems and the content of its teaching.
Only for certain professions, the so-called 'regulated professions', the EU has set minimum requirements in Directive 2005/36/EC, 28 partially amended by Directive 2013/55/EU. 29 For veterinary surgeons, the list of competences is included in Annex V of the European Legislation and a minimum of 5 years of training is obligatory. 28 The listing of competences in Article 38 and subjects in Annex V intend to ensure that the veterinarians will be qualified at their graduation and ready to perform the responsibilities required by the EU law. Over the years, more references to the particular competences of the veterinarians and their responsibilities have been included in different pieces of EU legislation, such as the Animal Health Law, 30 the regulation on veterinary medicinal products, 31 the official controls 32 and others, which have been considered by the academia and the veterinary profession for developing the list of Day One Competences. 33 Prevention and biosecurity; examination; early detection of diseases by carrying out proper diagnosis and differential diagnosis to rule out or confirm a disease; prescription and implementation of the right treatment; and raising awareness of resistance to treatments, including antimicrobial resistance, food inspection and so on are core competences 33 that graduate veterinarians should have acquired during their studies and be able to implement in the different domestic species, including managed honey bees.
training in honeybee veterinary medicine in eu and eFta curricula This survey takes a closer look into veterinary undergraduate training and presents how the EU VEEs prepare their graduates for roles within the apiculture sector as well as for public health inspection of honeybee products. 35 It should be acknowledged that all VEEs in EU and EFTA require their graduates to gain a basic understanding of the anatomy, physiology, pathology and treatment of all domestic and food-producing animals, 29 30 33 independently of the purposes they are used for. This certainly refers to all main domestic and food-producing species and not exclusively to mammal species. Additionally, each veterinarian has to follow the professional Code of Conduct. 36 Whereas honey bees are not specifically mentioned in the current Veterinary Act, 36 this should not be interpreted that the Act does not apply to these beneficial food-producing insects. Practising veterinary medicine in honeybee colonies requires a qualified profession for carrying out a clinical examination of honeybee colonies, recognising disease signs on brood and adult bees, sampling properly hive materials when suspicion for some of serious diseases occurs, and preparing those samples along with the formal cover documentation for the delivery to an authorised diagnostic laboratory. As it happens with other species, the veterinarian must be able to make proper diagnosis, apply eradication measures, advise about disease control and prophylaxis, as well as prescribe the right medicine. These are core competences that a veterinarian must acquire in order to be qualified to practise. 24 33 Veterinarians certainly have a role to play in European apiculture and therefore have to be prepared respectively. While most of the EU and EFTA VEEs (over 70 per cent) recognise this need and dedicate a considerable part of their very full core curriculum to the teaching of honeybee veterinary medicine (figure 1), more efforts are necessary in order to raise awareness about the importance of this species and their needs. The authors observe that teaching of honeybee veterinary medicine is currently having a good cover in most VEEs, but still receiving the less attention in undergraduate veterinary curricula in EU compared with other less popular fields of veterinary medicine, such as laboratory animal medicine (83 per cent of the VEEs provide teaching in this area) 18 and aquatic veterinary medicine (96 per cent of the VEEs provide teaching in this area). 19 Further analysis of the results reveals that there is a lot of diversity in the way that honeybee veterinary medicine is taught, in terms of time dedicated to it and of its structure within the different curricula in EU and EFTA countries. Further research to investigate models for teaching of honeybee veterinary medicine in undergraduate and postgraduate levels should be considered in the future, figure 3 ) teach about apiculture, health of honeybee colonies and honey inspection, while in four countries of that region none of their VEEs includes honeybee veterinary medicine within their undergraduate curricula. In the rest of the EU and EFTA (southern, central, eastern Europe), 49 out of the total 57 VEEs (86 per cent) for which the authors have data include teaching of honeybee veterinary medicine in their curricula (one VEE has not provided data and there was no self-evaluation report to obtain supplementary data since the establishment was never visited for accreditation purposes) (table 3) .
This geographical variation is expected if it is seen in relation to data on major beekeeping countries in EU and EFTA. 5 6 It is clear that more attention may be paid by VEEs in teaching of this particular field of veterinary medicine.
Importance of quality assurance of veterinary education
ESEVT is a Europe-wide, profession-specific evaluation system that ensures efficient preparation of the veterinary students for the labour market and the only one accredited by ENQA. 22 ESEVT contributes to the standardisation of veterinary teaching approaches to ensure the learning outcomes of veterinary students and minimise any discrepancies in Day One Competences of European veterinarians. That way it contributes to transparency and trust to veterinary services throughout Europe. 37 ESEVT evaluates the teaching and learning in higher education according to the approved standard operating procedure 38 and the approved Day One Competences. 33 It is worth mentioning that assessment of students is one of the major requirements of ESEVT, which must be clearly demonstrated in order for a VEE to gain the status of 'Approval' or 'Accreditation'. Lack of a valid and reliable system in place for the assessment of clinical skills and Day One Competences 33 of its students in a VEE constitutes a major deficiency that may lead to non-accreditation of the given VEE. This is an important note considering that often assessment drives learning of students. Assessment by ESEVT of the implementation of honeybee veterinary medicine in the European curricula can ensure the Day One Competences of the European veterinarians in this field.
This survey shows that 53 out of the 68 'Approved'/'Accredited' VEEs offer training on bee veterinary medicine-24 as a separate subject and 29 as part of other subjects (figure 2). The authors note that one establishment which was not providing such bee health training at the time of this survey commented that they were in the process of implementation of such a course in their core curriculum as a result of the recommendation made after their evaluation by ESEVT.
ESEVT should continue to assess and promote the teaching of aspects related to honeybee health and safety of apiary products intended for human consumption. In the case of VEEs that do not yet implement such training within their curriculum, they should be encouraged to do so.
Veterinarians' added value for apiculture and public health Apiaries need veterinarians like dairy, pig or fish farms do. Honey bee is an important food-producing species, and beekeepers need advice and guidance on how to keep their colonies healthy and productive, as well as on how to ensure healthy and quality food for consumers, without deleterious residues. The veterinarian can advise on biosecurity and national plans, perform the clinical and laboratory examination on honeybee colonies, prescribe the most appropriate authorised medicine when necessary and implement national programmes for varroosis control. It is worth highlighting that apiculture in Europe is another sector that suffers from a remarkable lack of appropriate veterinary medicines authorised for honey bees (the same is observed in other sectors such as equine farming, 39 or aquaculture). 19 40 In fact, miticides to control the Varroa destructor mite are the only approved medications in EU. In the case of a diagnosed disease for which no available authorised product exists in the country, the veterinarian is the only professional empowered to select and prescribe under the cascade system the appropriate medicine for use in honey bees, most usually a product authorised for honey bees in another country. 31 The use of antibiotics in honey bees is practically not allowed in the EU. 41 Only if there is a justified need for their use in honey bees antibiotics can be used under the cascade. 42 However, this is not the case in other parts of the world, [42] [43] [44] where antibiotics are used mainly against American foulbrood, European foulbrood and nosemosis. The veterinarian has a key role in selecting the right product for honeybee treatment, advising on its responsible use and informing about withdrawal periods, residues and risks linked to the development of resistance. 45 The veterinarian and veterinary services are also responsible for advising about transport and trade of honey bees and bumblebees in line with Union law 34 46 and international standards, 1 35 and for ensuring enforcement of legislation. Spreading of bee diseases, some of which are highly contagious for honey bees, is very easy due to different factors such as the nature of this species (wild and foraging species), climate conditions or insufficient border controls, perhaps as a result of the fact that the honey bee is not universally regarded as livestock, leading to less attention during their transport. 47 Veterinarians also have to ensure public health. Unlike other animal species, zoonotic diseases coming from apiaries are rare. Public health risks for human beings related to beekeeping and its products come mainly from residues, bacteria, toxic substances and allergenic pollens found in honey and/or other apian products, or from allergic reactions due to accidental puncture from the bee sting. Bee is a species with a very different physiology from other domestic food-producing species, where the lack of hive metabolism does not allow the elimination of residues over a certain period of time. 46 Unsafe substances often found in honey are either environmental contaminants such as heavy metals (lead, cadmium and mercury), radioactive isotopes, organic pollutants, pesticides and pathogenic bacteria, or beekeeping contaminants such as acaricides, antibiotics and other chemicals. 1 2 These substances are serious threats to human health, while antibiotics used in beekeeping may additionally contribute to antimicrobial resistance. Practitioners and official veterinarians have a growing role in protecting the human health, in line with the EU legislation [48] [49] [50] [51] and the OIE Terrestrial Code-Chapter 4.14. 1 Contamination of honey and other apian products with heavy metals, antibiotics and other agrochemicals could be considered a very good indicator of contamination of the environment with those substances. It is also a contamination indicator of overall food intended for human consumption. Bees can therefore be very important as biomarkers of environmental health within the One Health concept. 52 Veterinarians, along with other stakeholders like agronomists and beekeepers, are responsible for supporting and helping to implement measures and activities aiming at protecting honey bees and ensuring public health 53 as well as ecosystem conservation. Pests, pathogens, pesticides and climate change are factors that affect honeybee ecosystems. 54 Honey bees are mainly food-producing species, but they are also important pollinators that ensure crop production, contributing to adequate food production for human beings and animals. The massive colony losses that have been observed in Europe 55 and worldwide 56 57 in recent years are in principle multifactorial One Health problems. Winter losses and dying of honeybee colonies during active beekeeping season or depopulation of adult workers 58 requires the One Health holistic approach 52 that considers human, animal and environmental interactions and interprofessional collaboration in order to understand and identify the causing mechanisms and the underlying links and to intervene as appropriate. This is particularly important when considering that honey bee is the only domestic species whose feeding cannot be fully controlled and are very much affected by climate and environmental conditions. 59 Veterinarians' contribution is fundamental to advising and educating beekeepers not only about management methods and biosecurity measures but about environmental conditions as well. Honeybee colonies are very sensitive to weather conditions, as they are affected directly by very low or high temperatures, precipitation, availability of water or wind, and consequently by climate change. 60 61 Honeybee colony survival depends on beekeepers' education, 62 who need to have a close collaboration with their veterinarian. As any other farmer, the beekeeper is responsible for keeping a healthy apiary, should comply with the respective legislative requirements, as well as ensure quality, safe and highly nutritious apian products.
All the above considerations confirm that teaching of honeybee veterinary medicine has to be part of the core veterinary curricula in Europe. All veterinary students must receive a minimum knowledge and training to acquire competences in honeybee health and production and should be encouraged to practise in this particular managed insect species. Honey bee, which has been traditionally the only food-producing insect in Europe, is at the same time very important for human and animal health and welfare, as well as a biomarker of environmental health. Honeybee colonies need and deserve veterinary care as well. 14 59 CPd in honeybee veterinary medicine CPD is a professional responsibility for all veterinarians in the EU. 29 63 while ESEVT encourages all VEEs to develop postgraduate opportunities to cover the CPD needs of the veterinarians in their country. 38 Results of this survey showed that only 28 per cent (19 out of 67) of the VEEs that provided data on postgraduate training organise CPD in the field of apiculture and honeybee colonies' health and production. Postgraduate programmes in honeybee veterinary medicine are available in 13 countries in EU and EFTA, the level of which varies from short courses to PhD programmes or national specialisation programmes. Comparing those results with the existing postgraduate opportunities in other less popular areas of veterinary medicine, such as laboratory animal medicine and aquatic animal veterinary medicine, the authors observe that honeybee veterinary medicine has not be given the same attention. Only 19 VEEs organise postgraduate training in honey bees against 40 VEEs that do so in laboratory animal veterinary medicine and 30 VEEs in aquatic animals veterinary medicine. 18 19 Additionally, specialisation in bee health and production is not that developed in Europe. Only a few national specialisation programmes exist, for example in France, Italy, Poland and Spain. Nevertheless, there is no veterinary college recognised by the European Board of Veterinary Specialisation (EBVS) 64 to provide European-wide recognition to veterinary specialists in honeybee veterinary medicine as it happens with other disciplines. 65 Academics and the veterinary profession should consider the current challenges and opportunities for veterinarians to be involved in apiculture and encourage the development of postgraduate opportunities in this field. Ideally some European organisation should consider developing the framework of minimum training requirements for such veterinary postgraduate programmes. The Veterinary Continuous Education in Europe, 66 for example, which is a joint initiative of EAEVE, 16 67 established with a view to encourage harmonisation and quality of postgraduate training programmes for practising veterinarians and to facilitate recognition of their competences throughout the EU, could consider to make such a proposal.
ConClusIons
Honey bee (A mellifera) is a very important species for human beings and animals, contributing directly to their nutrition and health, as well as to environmental biosecurity, crop production and economic sustainability in Europe and worldwide. Veterinarians have a vital role in ensuring honeybee health, productivity and profitability of apiaries, public health, and ecosystem conservation.
The results of our survey show that honeybee veterinary medicine is taught in most of the European VEEs (in 58 out of 77 VEEs), especially in eastern, central and southern countries of EU and EFTA, which are also important beekeeping countries. Considering the importance of this particular species and the need for welleducated veterinarians to deal with this, more attention should be paid by VEEs in honeybee veterinary medicine. ESEVT is the tool that can promote harmonisation of veterinary curricula in Europe and ensure proper implementation of teaching of honeybee veterinary medicine. This would enable graduate veterinarians to acquire the necessary competences and to be ready to practise veterinary medicine in apiaries, that is to say to handle, examine, diagnose and treat honeybee colonies, as well as to ensure the safety of their hive products. This way, veterinarians will further contribute to ecosystem sustainability and the availability of safe and nutritive food for human beings in the future. Policy makers and industry should support apiculture sector, by supporting and encouraging beekeepers to seek veterinary advice and to establish a good collaboration with a veterinarian. VEEs in collaboration with the veterinary profession should consider the current challenges and opportunities for veterinarians to be involved in apiculture and encourage the development of postgraduate opportunities in this field as well.
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